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INTRODICTORY. 

la presenting the subject of the composition of the water extracts of 
cei’tain of the soils of this State to the peo))le of \\ estern Australia, it 
seems desirable, at the outset to touch upon the main ideas and contribu¬ 
tions which have led to the present status of our knowledge in this field. 
It is the object of the Avriter to prove in these introductory remarks the 
importance of the soil solution as the direct source of at least the bulk 
of the minerals absorbed by jilants. It will be shown that the subject is 
not new and that direct contributions have been made since about 1860. 

The first advances in the science of plant nutrition w'ere due to the 
etforts of Theodore de Saussure (4) * a Siviss who published his views and 
experimental data in 1804. He showed quantitively that certain minerals 
Avere absorbed from the soil and that the carbon dioxide of the air supplied 
the carbon needs of plants. De Saussure’s views AA-ere not acceptable tc 
the agricultural chemists of the day and it Avas not until the great German 
chemist Justus A'on Liebig (8), some 30 years later adopted the main fea¬ 
tures of his thesis and emliodied them in his forceful Avriting, that the knoAV- 
ledge of the mineral rer|uirements of plants was of much interest to inves¬ 
tigators. Many of the essentials, of Liebig’s teachings are acceptable 
to-day. 

However, Liebig beli<'ved that the aqueous solution in the soil Avas in¬ 
adequate to supply the mineral needs of plants. He argued, in 1863, that 
“the poAA’er of the soil to nourish cultivated plants is therefore in exact 
proportion to the (juantity of nutritive substances Avhich it contains in a 
state of physical saturation.” (Russell, E. J., “Soil conditions and Plant 
o-roAvtli,” 1921, ]). 154). Also he belie\'ed that the yield A\-as goAwned by 
the necessary constituent in least amount (physiologically) in the soil— 
(Law of the minimum). ITnfortunately, the great complexity of the soil 
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system was not realised at this time aud in the course of a few years the 
results of the held exj)eriments of Lawes and Gilbert at liothamsted and 
of Ville and others in France led to the discrediting- of Liebig’s “Mineral 
Theory.” 

Meanwhile certain agi'icultural chemists and others interested in the 
subject were busily studying the liquid phase of the soil. Eichhorn (5) 
in Germany, us(“d the water extraction method to study a soil from Bonn 
and concluded, I'rom his results, that the soil contained sufficient water 
soluble constituents to meet the needs of a growing ci’op. Although these 
results were criticised by Jjiebig’s followers, other workers in Germany Averc 
able to sub.stantiate Eichhorn’s \-iews. The next great advance was made 
in France by Schloesing (l.'i) Avho studied the solutions displaced from the 
soils by allowing coloured )-ain Avater to percolate through a compact column 
of moist soil. This method, with moditications and improvements, has 
been one of the most fruitfid in affoi-ding information concerning the soil 
solution. Schloesing and his son (L4) concluded that the soil solution 
supplied at least the major portion of the mineral constituents absorbed 
from the soil by i)lants. 

The (luestiou ol' loot s(>cretions is still witli us. Liebig (8) believed 
that ac(-tic acid excrele<l by the roots dissolved the absorbed minerals. Early 
investigators ])lace.l mucli importance on the experiment shoAving the etching 
of i)olished marble by growing roots. IIowcAer, Gzapek (.'5) in 1890 shoAved 
that the eflect was due to carbonic acid, because, in the lirst place, plates 
lua.de ot aluminium phosphate and plaster of Paris wej'e not attacked, thus 
(liminating acids stronger than citi'ic, tartaric or malic; in the second place, 
the secretions turned congo ixsl a bi'ownish red. The presence of acetic 
acid causes the de\-clopment of a blue colour Avhile carbonic acid j^i’oduces 
the broAvnish red colour Avith congo red as obtained. Recent A\’ork by F. 
W. Parker (!•, 10) indicates that there is no relation between absorption 
of minerals and the total production of carbon dioxide in a soil. How¬ 
ever, .no one has yet been able to measure the effectiveness, if any, of the 
carbon dioxide produced ,by the root hairs in intimate contact Avith the soil 
particles. Be that as it may, the soil solution (as extracted fi’om the soil) 
seems to approximate the “physiological" soil solution. 

The concentration of the soil solution is due in jAart to the solvent ac¬ 
tion of Avater on the soil minerals, and in greater measure to the nitiic and 
suli)huric acids prodm-ed by bacteria as end jn-oducts in the decomposition 
of organic matter. Soils differ greatly in respect to both the composition 
ajid concentration of the solution and in general the sequence of vegetation 
types in any one /one is i-elated in i>articular to the nature of the soil solu¬ 
tion. 


It is interesting to note that an eri-or on the part of cerLiin prominent 
American investigators led to 7*eneAved activity in soil solution studies in 
the early part of the jAresent century. Whitney and Cameron (16) ar¬ 
gued that, as most soils contain jAractically the same minerals in the solid 
phase, the soil solution must l)e a saturated solution of these minerals and 
must be pi’actically uniform in composition and concentration in all soils. 
This AA-as perfectly good chemistry, but Avas in error as the propounders 
overlooked the fact that the soil is pj-imarily a biological laboratory. In 
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a short time papers appeared, notably from Rothamsted (fi) and the United 
States, conti'overting this thesis. At the present time, a bibliography of 
the important t>apers on the soil solution would run into hundreds. The 
principal contributions now come from America, Glermany and Russia. 
Several States in Australia are using methods of studying the soil solution 
in connection with their problems. 

The concentration of the solution in most soils ranges from about 100 
p.p.m. to 4,000 p.ji.m. of tin* soil solution. Expressed in terms of the drj’^ 
soil this would amount to from 20 to 800 p.p.m. Alkali soils ai‘e not nor¬ 
mal as tlie solution is excessively enriched as a result of outside agencies 
such as seepage and evaporation, deposition of salts in the rain, etc. Typi¬ 
cal examples oi the concentration and composition of the soil solutions from 
American soils are given in 'fable 1. It will be seen that the soil solution 
is bv no means of constant composition or concentration. Also the bulk of 
the anions (nitrate and sulphate) are of biological origin. 

Table 1. 

THE COMPOSITION OF THE SOIL SOLUTION. 


ppm Soil SolutioiL 


Soil. 

pH. 

SO 4 . 

NO,. 

Cl. 

PO 4 . 

Ca. 

Mg. 

K. 

California 7B 

Oaliforiiia 33 (15) ... 
California Madera ... 

7-d 

70 

7-3 

454 

i40 

1.781 

50 

47 

55 

1-2 

0-2 

4-5 

672 

50 

119 

134 

129 

38 

57 

Oregon 1 

Oregon 2 

... 

Trace 

50 

75 

137 

... 

... 

83 

64 

... 

15 

12 

Rothamsted (6) 

... 

... 


I 

0-6 

... 

... 

3- • 


Of course this Table does not give a complete picture of the soil solu¬ 
tion. In addition to these substances will be found about fifteen elements 
among which are iron, manganese, iodine, nickel, zinc, boron, aluminium, 
silicon, vanadium, copper, etc. These elements ai’e present in minute 
amounts but normally in physiologically sufficient quantities. 

'fhc u.se of amendments of various kinds to increase the soil fertility 
has been practised since earliest times. The amendments may have a physi¬ 
cal effect, a chemical effect, or most probably, both. The simplest ferti¬ 
liser works jirofound changes in the composition of the soil solution, as a 
result of direct chemical reactions with the soil and also as a result of 
chanued biological conditions. 'fhus lime not only neutralises acidity or 
sourness, but increases the phosphate content of the soil solution in many 
instances. In addition, potassium, ma.gnesium and other elements may be 
bi-oimht into solution while others, e.g., manganese are precipitated causing 
physiological disorders such as chlorosis. A studv of Table 2 indicates 
the complexities of fertiliser treatments and also that fertilisers directly in¬ 
crease the concentralion of various elemenvs in the soil solution. 
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Table 2. 

EFFECT OF FERTILISERS ON THE COMPOSITION OF THE SOIL SOLUTION. 

ppm Soil Solution. 

*ppm Dry Soil—^Water extract. 


— 

pH. 

PO 4 . 

SO 4 . 

NO 3 . 

Ca. 

Mg. 

K. 

Na. 

Mn. 

California 30 (15)— 









0 16 

Untreated 

70 

7-2 

97 

576 

207 

64 


... 

Sulphur (1500 ppm 

3 2 

38 0 

8920 

536 

600 

1310 

... 

... 

250 

90 days) 










Oregon (11)— 






119 

98 



Untreated 

6-2 

4.0 

253 

116 

144 

... 

... 

K 2 SO 4 (540 lbs. 

0-1 

30 

294 

157 

116 

113 

172 

... 

... 

per acre) 
Untreated 

6-7 

4-0 

161 

70 

172 

91 

60 

... 

... 

(NH 4 ) 2 S 04 (4101bs. 

5-4 

4-0 

205 

150 

227 

121 

63 

... 

... 

per acre) 










California 1C *(1)— 








96 


Untreated 

• • « 

5-3 

125 

297 

105 

38 

42 

... 

22K + 77NO, -h 

■ • • 

4*6 

159 

338 

119 

56 

49 

115 

... 

IOPO 4 

75K -t- II 7 NO 3 -h 


8-6 

278 

350 

126 

44 

80 

102 

• • • 

6 IPO 4 

435K -H 687NOs 


30-0 

692 

692 

237 

102 

165 

112 

... 

-h 357 PO 4 
Tankage 

... 

6-7 

153 

592 

146 

52 

61 

110 

... 


The effect of the crop in modifying’ the soil solution has l)e(!n amply 
discussed in pa])ei's from the T.^niversity of (hilifornia (14, 2). As a. re¬ 
sult of croj) growth the soil solution is practicaly de|)leted of nitrate, 
while calcium, potassium, phosphate, etc., are significantly reduced in con- 
centi’ation. 

Having discussed the soil solution as the phase of immediate physio¬ 
logical importance some brief mention must be made of the methods in use 
for obtaining the soil solution for purposes of study. 

1. The Water Extract. 

The soil is extracted with a known proportion of distilled water and 
filtered. The filtrate is then examined by the usual chemical methods. 
Studies by Stewart (14) Hoagland et al (7) indicate that the water ex¬ 
tract gives a very good picture of the true soil solution. As no special 
apparatus is required this method has been adopted in the studies here re¬ 
ported. In order to minimise the direct solubility effects on the soil minerals, 
a narrow ratio of one part of soil to two parts of Avater is used. 

2. The displaced solution is obtained by modifications of Schloesing’s 
(12) method, using alcohol, kerosene or water as the displacing medium and 
air ))ressure to ineiA'ase the rate of displacement. 

;i. The e.xjire.ssed solution probably accuratelv I’cpresents the true soil 
soiluion. The moist soil is [ ressed in a hydraulic press and the licpiid ob¬ 
tain'd aualy cu. 

In addition to these more or less direct methods, the concentration ( f 
(he .soil solution may be determined indirectly by the use of physical methods. 
The total concentration may be computed from the freezing point lowering 
file soil and the content of electrolytes by measurement of the resistance to 
the floAv of electricity through the soil or soil extract. 
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1.—Studies on Soils from the State Farms at Merredin, Ghooli, Salmon 
Gums, Wongan Hills, and Chapman, and from Baker’s Hill and 

Lake Brown. 

The Soils used. 

The soils from the State Farms were obtained from the headlands 
adjacent to the Rate of Suix'rphosphate plots in 1928. The surface soil 
(A. horizon) was sampled at livt* diU'erent ])laces along the width of the 
plots and a composite sample made. The following general observations 
describe the soils used:— 

1. Merredin. —A dark brown clay loam from lOin. to 12in. deep. The 

marked accumulation of clay and calcium carbonate below this 
depth indicates a mature profile, 'file main timber was Salmon- 
gum (Eucalyptus salmonoidoia) and (limlet (E. salubris). 

2. ChooJi. —a red silty clay loam from gently rolling forest land. 

3. Salmon (runts. —tliT'yish brown, cah areous loam, l»t‘aring’ mallee. This 

soil <x)ntains an api>r('(‘ial)U‘ amount of hodinm chloride and re|)re- 
sents a type of mallee lands of the Esperance area. 

4. Wonyan Hills. —A grey sand containing a small amount ot sticky 

clav. The soil carried a low scrub and represents one of the many 
types of light lands of Western Australia. 

5. Chapman. —A red sandy loam from a small Hat near a creek. 11 

was probably fornu'd through the agency of the creek and is of 
“recent” oiigin. The soil is formed from rocks of the granite ty))e 
and carried jam (Acacia acuminata) with some scrub. 

0. Baker’s Hill.—The soils I'epresent two tyi)es from the higher levels 
of the Darling Rang(>. Sani))les 1, 2, and .3 ari' white satids while 
sample 4 is a black creek bottom soil. 

7. .Mkali Soils. —Rc'presenting samples from T.(ake Drown. Samples 
2, .3, 4, and 8 are chocolate soils of a silt loam texture carrying a 
ATorrell (Eucalyi)tus sp.) as the vo'incipal limiter. Sample 10 
represents a fertile dark brown <'lay loam carrying gimlet (E. 
salubris) and is given for purposes of comparison. 

The Composition of 1 ; 2 Water Extract. 

The extract was jwepared by mixing om* part of soil with t.Avo parts ot 
water by weight and fdtering under suction. The extracts were analysed bv 
standard methods adapted for the purpose. The reactions expressed as pH 
were determined colorimctrically. Tin* results of the analyses are reported 
in Tables 3 and 4. 


Tart.e 3. 

COMPOSITION OF WATER EXTRACTS OF SOILS OF WESTERN AUSTRALIA 


1 ; 2 Water 

Extracts. 


P 7 )m Dry 

Soil. 



Locality. 

pH. 

NOn. 

1 SO 4 . ' 

1 P0.1- 

1 

Cl. 

irno.i 

Ca.. 1 

Mg. 

Mil. 

Merredin ... 

Oliooli 

Salmon Gums 
Wont^an Hills 

Chapman. 

Hakor’s Hill— 

1 . 

2 . 

3 . 

4 .J 

7-4 

7 • 4 
S-0 
71 
f)-4 

(i-f) 

0 • 0 
(>•9 
7-2 

H)3 

50 • 5 
30-7 
10-0 
5-0 

10 

22 

38 

26 

41 

*31 

40 

V 

V 

V 

*} 

Traeo 
0-00 
0-12 
0- 46 . 

30 r 
106 
568 

24 

20 

20 

8 

28 

CO 

108 

320 

34 

.3(> 

32 

32 

36 

44 

31 

) 1 
<4 

'3-r 

18 

0 

0 

0 

6-0 

1 35 

1 

ro 

6-2 

5*2 

4-4 

6-2 

Xil 

Ml 

Ml 

T- CO 

Nil 
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Table 4. 

COMPOSITION OP WATER EXTRACTS OP ALKALI SOILS (WEST. AUS.). 

1 : 2 Water Extracts. 
ppm Dry Soil. 


(Analyses made by Government Analyst, 24-10-28.) 


— 

pH. 

NOa. 

SO4. 

01 . 

CO:,. 

Ca. 

Mg 

K. 

Na. 

Lake Brown— 

2 and 3 

7-6 

602 

426 

1,698 

84 

161 

96 

44 

1,199 

4 and 8 

7-9 

205 

158 

889 

108 

113 

34 

57 

583 

10 (normal) ... 

8-4 

43 

112 

387 

126 

30 

14 

Trace 

356 


Purther details on soils from Esperanee and Kellerberrin may be obtained from 
Professor Paterson’s Report to the Royal Commission on the Mallee Belt and Esperanee 
Lands, 1917. 


Several features are worthy of note:— 

Table 3. 

1. A very high content of nitrate in the Meri’edin soil. This figure 
corresponds to about 1,^00 ppm in the soil solution and compares with rich 
alluvial soils of California (7B, Tal)le 1). 

2. The poverty of the Wongaii Hills and Chapman soils with respect 
to nitrate. 

3. An almost comi)lete absence of soluble inorganic phosphate in all 
soils. Top dressing of the Baker’s Hill saniplesi 2 and 3, probably accounts 
for the presence of soluble phosphate in these soils. 

4. A deficiency of soluble calcium, as well as phosphate, in the sandy 
soils from Baker’s Hill. The combination of these deficiencies is undoubtedly 
of great physiological significance and is suggestive as to a factor in the dis¬ 
orders among stock in the region. 

5. Of the soils tested, the Wongan Hills soil was the only one from 
which a test for soluble manganese was obtainf'tl. Recent studies have shown 
this soil to be more than indicated by the 1 : 2 water extract, and the 
acid ]*eaction (pH 5.(i4') is probably responsible for the higher content of 
soluble manganese. 


Table 4. 

The analyses were made by the Oovernment Analyst on these soils and 
the figures are pres(mt(‘d to illustrate the essential character of alkali soils 
-a concentrated soil solution. In these soils the bulk of the soluble material 
('onsists of sodium chloride. The soils ai'e also rich in nitrate, potassium, 
calcium, et(‘., in solution, and would be very fertile but for the excess of 
^•''dium chloride. The analyses of sample 10 are given so that the alkali 
so\u ronipared irith a normal forest soil from Lake Brown. 
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The Effect of Additions of Soluble Phosphate. 

It was thoug’nt that iiiterestiii"’ vc*siilts would be obtained from a study 
ot the effect of ]>hosphatic ai)iJlicati()ns on the composition of the water 
extracts of soils from the State Farms. Three samples of each soil were 
taken and treated as follows:— 

1. Moistened with distilled water to the optimum moisture capacity. 

“ 2 . ^loistened with distilled water containing ])hosi>hate equi\alent to 
■') 2 .-t jnp.m. of the dry soil. 

3. Moistened as above, tlu' phosphate being’ equi\alent to 262 p.p.m. 
of tlie dry soil. 

A solnlion of sodium phosphate was used as the source of phosphate. 

The moist soils were stored in the laboratory and water extractions 
made after i)eriods of one month and four months from the date of mixing. 

Results of the analyses are repoided in Table 5. 

Table 6. 

EFFECT OF ADDITIONS OF SOLUBLE PHOSPHATE ON THE WATER 
EXTRACT OF SOILS FROM WESTERN AUSTRALIA. 

Soils were moistened with distilled water and with solutions of sodium phosphate. 
Analyses were made after standing for one month and four months after 

treatment. 

(ppm Dry SoU.) 



Distilled 

Water, 

52-4 ppm PO 4 
added. 

262 ppm PO 4 
added. 


After 1 
month. 

After 4 
months. 

After 1 
month. 

After 4 
months. 

After 1 
montli. 

After 4 
months. 

Merredin— 

PO ] ppm . 

NOs ppm . 

193 

? 

206 

182 ” 

M 

208 

32 

190 

17-6 

190 

Ghooli— 

P 0.1 ppm . 

NOii ppm . 

? 

59-6 

V 

171 

54-5 

0-94 

72-6 

26 

50-6 

131 

83-2 

Salmon Gums— 

PO 4 ppm . 

NO;t ppm . 

V 

39-7 

? 

44 0 

45-6 

0-86 

46-6 

35 

30-7 

20-9 

37-6 

Wongan Hills— 

PO 4 ppm . 

NO 3 ppm . 

? 

10-9 

? 

16-8 

Lost 

0-55 

48-0 

32-6 

10-9 

6-2 

45-6 

Chapman— 

PO 4 ppm . 

NO;; ppm . 

5-9 

? 

4-0 

3-6 

1-0 

0-63 

10-9 

50 

Nil 

221 

24-5 


In each ease the addition of soluble phosphate increased the amount 
of water soluble phosphate in the soil, but the bulk of the added phosphate 
was precipitated. The Wongan Hills soil, although a sandy soil, caused the 
greatest amount of precipitation. 
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This is probably due to the acid nature of the soil, such cations as 
inanganese, iron and aluminium being effective agents for the precipitation 
ot phosphate at this reaction (pH o.G4). The precipitation in the other 
soils Avas probably due to calcium and magnesium ions. 

The additions of phosphate affected nitrification only in those soils 
which apjjeared naturally poor in nitrate—namely, those from Chapman and 
Wongan Hills. Approximately fourfold increases in nitrate were obtained 
in these soils as a result of the phosiihate additions stimulating the soil 
micro-organisms. 

These results suggest certain benelits from the superphosphate appli¬ 
cations so general in Australia. 

1 . The soil solution is enriched in i^hosphate, the normal soil being 
extremely poor in soluble phosphate. 

2 . The improved phosphate supplies stimulate nitrification, particu¬ 
larly in soils lacking in nitrate. 

3. By drilling the phosphate Avith the seed a concentrated phosphate 
solution is obtained in the immediate A icinity of the rootlets. Investigations 
haA’e shoAvn that soluble phosphate is needed in the early stages of crop 
growth. 


SUMMARY AND CONCLUSIONS. 

A general account of the work on the soil solution and the means oi 
studying it has been given. 

Work done on Western Australian soils, using the 1 ; 2 Avater extract, 
is reported and the folloAving conclusions suggested:— 

1. The soils studied shoAV a very Avide variation in the concentration 
and composition of the soil solution as illustrated by the Avater extract. 

2. There is ahnos.t complete absence of soluble phosphate, from the 

soils under consideration. --—--- - 

3. Darling Range soils may be deficient in soluble calcium as well as 
soluble phosphate. 

4. Additions of soluble phosphate increase the concentration of the 
Avater extracts Avith respect to i)hosphate. The acid ‘Tight lands” soil from 
M ongan Hills possessed the greatest i^ower of precipitating phosphate in 
the range investigated. 

5. Of those tested, manganese Avas present in the Avater extract of the 
acid soil from AYongan Hills onlj^ 

6 . Sodium chloride is the j^redominant salt of certain alkali soils of 
Western Australia. The alkali soils from Lake BroAvn AA^ere rich in the 
minerals I'equired for crop growth. 

The analytical Avork performed by the Avriter Avas executed in the 
laboratory of Professor Paterson at the University of Western Australia, 
to whom grateful acknowledgment is made. 
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